Abstract: The present study analyses the effects of soundscape on rural landscape evaluations, 8 including landscape visual aesthetic quality (VAQ), landscape tranquility and landscape 9 preference, based on audiovisual information collected in typical rural villages using the methods 10 of an audiovisual experiment and eye-tracking test. First, the results showed the landscape 11 evaluations influenced by different soundscapes are significantly different. Generally, the 12 evaluation scores with natural or musical sounds were higher, and for positive landscapes, the 13 difference among different sounds is greater than that for negative landscapes. Moreover, the 14 landscape evaluations could be enhanced by sound stimuli, including natural or artificial 15 soundscapes and for both positive and negative landscapes. Third, soundscapes can also 16 modulate the effects of landscape elements on landscape evaluations. No-vegetation ground, 17 vegetation, mountains, the sky, and water were found to be significant landscape elements that 18 influence landscape evaluations with sound stimuli, and in particular, the landscape evaluations 19 could be substantially decreased by particular disturbing elements together with artificial sounds. 20
Introduction

23
In recent years, the number of people visiting their local countryside has been increasing. One 24 of the major reasons is that the rural soundscape is considered a more restorative and tranquil 25 environment, providing relief from cognitive overload and reducing the stress of everyday life, 26 as man-made noise is at a low level, while the dominance of natural sounds promotes the rural 27 landscape's sense of tranquility ( (Sullivan, 1994) are appreciated. Moreover, certain landscape 37 elements, such as the presence of woodlots, plants, water, and mountains are found to be 38 preferred, while abandoned farmlands and landscapes crossed by rural roads produce negative 39 perceptions (Arriaza et al., 2004; Benjamin, 2007; Howley, 2011) . Lower preference is also 40
given to the landscapes with wires, automobiles, and other disturbing elements (Stamps, 1994) .
41
The existing studies indicate that the rural soundscape is not statistically related to common 42 acoustical and psychoacoustical metrics, but has higher correlations with the absence or presence 43 of wanted and unwanted sounds (Lam et al., 2010) . Along the urban-rural gradient, landscape 44 preference is affected much more by soundscape perception than visual landscape perception 45 (Gan et al., 2013) . During the evaluation of rural landscapes, the visual attention areas were 46 significantly influenced by the soundscape from those without sound stimuli (Ren and Kang, 47 2015a). However, few previous studies have investigated auditory perception in the 48 environmental assessment of rural areas.
49
In the above studies, the evaluations of rural landscapes can be approached in different ways, 50 using evaluation indexes including the visual aesthetic quality (VAQ), landscape tranquility, or 51 landscape preference. While the importance of the effects of different soundscapes on the 52 evaluation of rural landscapes has been suggested and incorporating the valuable perspectives 53 that have evolved in environmental assessment directly into the project design has been 54 encouraged ( The aim of this study is, therefore, to examine in greater depth the effects of soundscapes on 57 rural landscape evaluations in terms of landscape VAQ, landscape tranquility, and landscape 58 preference indicators. This study also aims to identify the specific contribution of a soundscape 59 to the rural landscape with different landscape characteristics for effective environmental 60 assessment, soundscape conservation, and landscape design. The research was conducted using 61 both audiovisual experiments and eye-tracking tests based on landscape field images and sounds 62 collected from typical villages in China. A range of rural landscape types are considered, 63 including distant views, farmlands, waterscapes, roads, and family houses. 64
Methodology 65
Study area 66
Traditional villages in China were chosen as the study area for field surveys in terms of 67 visualization and auralization, covering typical villages in Heilongjiang, Jilin, and Liaoning 68 provinces, located in the northeast plain, the largest of China's plains, between the greater and 69 lesser Hinggan ranges and the Changbai ranges. The study was not intended to examine the rural 70 landscapes of specific sites; rather, typical actual rural areas centered by human settlements are 71 used, with natural landscapes as a background (Wang and Liu, 2003) . The villages are rather 72 dispersed in this area, and the rural landscapes in the villages contain elements of irregular 73 farmlands, waters, and mountains. The rural family houses are usually distant from the 74 courtyards, and some are surrounded by farmlands (Wang and Liu, 2003; Wang, 2003; Shen, 75 2010 ).
76
In this study, rural landscapes including natural and man-made elements were considered. The 77 selection is based on three aspects: typical types of rural landscape (Xie et al., 2003; Xie, 2004) , 78 landscape visual attributes, such as openness (Strumse, 1994) were possibly wanted and unwanted sounds, respectively. The recorded sounds included 111 birdsong (A) and highway traffic sounds (B) for the distant view, crickets chirping (C) and 112 tractor sounds (D) for farmlands, water flowing (E) and hawker selling sounds (F) for 113 waterscapes, music (G) and road traffic sounds (H) for roads, and rooster crowing (I) and house 114 repair sounds (J) for family houses.
115
The sound recordings were made using a FOSTEX FR-2LE high-fidelity audio recorder. The 116 highway traffic and country road traffic sounds were recorded 1 m away from the road edge, 1.5 117 m away from the ground, and more than 3.5 m away from any other reflectors with wind speeds 118 was less than 5 m/s (GB 3096-2008 (GB 3096- , 2008 ). The other sounds were made at positions close to the 119 sound sources, with no other sounds interfering. The ten recorded sounds (A-J) were edited as 120 ten sound signals, respectively, and were all adjusted to 50 dBA. The sound level was selected 121 for the audio data for two reasons: (1) with a lower noise level, the mean SPL of the field 122 measurements in relatively quiet rural environments was approximately at this level, with the 123 sound identifiable, and (2) this study was focused on the types of sound, rather than the sound 124 level (Hong and Jeon, 2013; Hao et al., 2016), and an acceptable and identical level can make the 125 sound sources comparable. 126
Subjects and experimental settings 127
Previous studies (Weinstein, 1978; Taylor, 1984 The experiments were conducted in a virtual reality laboratory. For the visual-only evaluation, 137 polarized 3D glasses and 3D display were used. The effects of the 3D images were adjusted 138 using Stereo Photo Maker software. For the audiovisual experience, Sennheiser RS 170 139 headphones and Tobii T60XL were used. The sound signals were calibrated using a dummy head 140 and 01 dB software, and were edited using Cooledit software. 141
Evaluation indicators 142
For the landscape VAQ evaluation, "ugly" and "beautiful" were thought to be the primary and 143 prototypical descriptive dimensions used to address the aesthetics, and were expected to be 144 influenced by the subjects. In this study, two terms, leading to a judgment within the basic 145 categories of artistic aesthetics, were chosen to represent the two ends of a VAQ evaluation, and 146 they were thus expressed on a seven-point Likert scale (Stich, 2005 instruction were all administered in the subjects' familiar language, Chinese, to speed up the 157 processing of audiovisual perception (Navarra et al., 2010) . 158
Experimental procedure 159
In the experiment, the landscape evaluations were recorded according to the audiovisual clips.
160
In previous studies, 30-32-s durations were used for audio only, video only, and combined 161 audiovisual data, and 16 s were used for the remaining stationary clips (Pheasant et edited to a duration of 10 s.
167
The experiments consisted of two parts, as given in Table 2 . The first was the visual-only 168 condition. The subjects were instructed to imagine being present in the landscapes shown by the 169 3D screen and were asked to observe the 25 3D images (as shown in Table 1 ) in a random order, 170 at a position of 1 m away from the display. Meanwhile, the evaluation for landscape VAQ was 171 made with the instruction, "Please evaluate the landscape presented on the screen according to 172 aesthetic quality on the questionnaire." Then, the subjects were asked to view the scenes 173 randomly again in the same way, and a landscape tranquility evaluation was made. The following 174 instruction was used: "Please evaluate the landscape presented on the screen according 175 tranquility on the questionnaire." Afterward, the subjects were asked to rank the 5 landscapes 176
(photo scenes) of each landscape type purely on the basis of preference from "really like" to 177 "really dislike" (ranked position from 1st to 5th) based on high-quality (150 mm × 300 mm) 178 photographic prints. The second part was the combined audiovisual condition. After becoming 179 familiar with the Tobii T60XL, the subjects were tested for personal eye flexibility. Then, the 180 qualified subjects (all 20) were asked to experience the audiovisual clips, where each image was 181 coupled with two sound signals (natural or musical sound, and artificial sound) (as shown in 182 Table 1 with dotted lines) in a random order, followed by a five-second break (Pheasant et al., 183 2010) between every image. Meanwhile, the landscape VAQ evaluation was made. The 184 audiovisual clips were also presented again randomly in the same way, and the landscape 185 tranquility was evaluated. During this part, the eye test was made automatically. At the end, the 186 subjects with impressions during the audiovisual experiment were also asked to judge the 187 preference on a landscape preference scale based on photographic prints (high-quality, 150 mm × 188 300 mm) with corresponding names of sound sources. The landscape evaluations were 189 emphasized as a perception for scenery, from the perspective of visitor, and not for a dwelling. 
Results
Rural landscape evaluations without sound stimuli 200
The landscape VAQ and tranquility without sound stimuli are presented first in Table 3,  201 considering five landscape types. It can be seen that the evaluations vary considerably, from 202 higher than "somewhat beautiful" (mean value = 1.02) to close to "somewhat ugly" (-0.52) in 203 VAQ, and from the highest score (1.42) evaluated as higher than "somewhat tranquil" to the 204 score (-0.31) evaluated as lower than "neither tranquil nor non-tranquil" in landscape tranquility.
205
Similarly, the farmland and road landscapes are found at the two ends of the evaluations. To 206 identify the significant influence of landscape diversity, the evaluation variance is examined 207 through one-way analysis. The results show that there are significant differences among the five 208 landscape types (p = 0.000 < 0.01) for both VAQ and tranquility. 209
Correspondingly, the results of landscape preference with the calculated percentage of the 210 ranked position by the subjects are presented in Fig. 1 . It can be seen that although the ranked 211 positions were occupied differently between subjects, D1, F1, W1, R1 and C1 (Group I) were 212 mostly perceived as "really like," with landscape preferences of 48%, 44%, 52%, 76%, and 52% 213 for the first ranked positions, respectively. In contrast, the images in Group V containing the 214 highest percentages of man-made elements were always ranked last, with fifth positions of 68% 215 (D5) for distant view, 64% (W5) for waterscapes, 64% (R5) for roads and up to 80% (C5) for 216 family houses. Furthermore, the 25 scenes were also scored according to their ranked positions, 217 with a value of 5 being attributed to the first ranked position and decreasing values awarded to 218 the remaining 4 positions. The results of landscape preferences based on the ranked positions 219
were analyzed in Table 4 . It can be seen that with the highest score of 4.29 for the landscapes in 220
Group I and the lowest score of 1.71 for the landscapes in Group V, the standard deviations of 221 the evaluations in the two groups (0.25 and 0.44) are low. In terms of the evaluation variance, a 222 significant difference was observed (p = 0.000 < 0.01) among the five landscape groups. These 223 suggest that the subjects' preferences were relatively consistent in the ten scenes of Group I and 224 V with the approximate judgement of "like" and "dislike," respectively. Therefore, Group I (D1, 225 F1, W1, R1, C1) and Group V (D5, F5, W5, R5, C5) (as shown in Table 1 with dotted lines) are 226 selected to present the two ends of the spectrum for landscapes in this study: positive landscapes 227 and negative landscapes. soundscapes, such as birdsong, crickets chirping, water flowing, rooster crowing, and music, 233 respectively, the landscape VAQ score fluctuated between 0.00 and 1.80, whereas with the 234 artificial sounds of highway traffic, tractors working, hawkers selling, house repair, and road 235 traffic, the evaluation score decreased to -1.25-0.95. In particular, for the positive landscape of 236 waterscapes in Fig. 2c , the evaluation score was considerably decreased (by 3.05), with a 237 judgment of close to "beautiful" dropping to lower than "somewhat ugly," under the effects of 238 the artificial soundscape. Generally speaking, the landscape VAQ scores for negative landscapes 239 are lower than those for positive landscapes. The evaluations for negative landscapes decreased 240 from 1.40, 0.05, -1.20, and -1.1 for distant view, farmlands, roads, and waterscapes, respectively, 241 with natural or musical sounds, to 0.00, -0.65, -2.00 and -1.55, respectively, with the artificial 242 soundscape. However, the artificial soundscape can also increase the evaluation of negative 243 landscapes as a natural or musical soundscape does. Figure 2 (e) shows that the score for the 244 negative family houses landscape is increased to -0.05 with the artificial sound from that with the 245 natural sound (-1.1), which is even higher than that without sound stimuli. This is possibly due to 246 the matching phenomenon of audiovisual information (Ren and Kang, 2015b) , where the untidy 247 family houses scene moderated the uncomfortable audio perception of the artificial sound (house 248 repair sound).
249
As an overall result, Fig. 2 (f) compares the evaluations influenced by the two types of 250 soundscapes. The results show that the natural or musical soundscape increases the evaluation 251 scores of distant views, farmlands, waterscapes, and road landscapes by 1.06, on average, 252 compared to those with the artificial sounds. To examine whether the soundscape has a 253 significant effect on landscape evaluation, the significance levels between the evaluation scores 254 influenced by the two types of soundscapes for positive and negative landscapes are analyzed 255 using a t-test of paired samples. The results show that there is a significant difference, and the 256 significance level for positive landscapes (p = 0.000) is stronger than that for negative landscapes 257 (p = 0.020). This indicates that the VAQ evaluations for positive landscapes are more likely to be 258 influenced by the different soundscapes. In general, under the effects of the natural or musical 259 soundscape, compared to the artificial soundscape, the mean score of the positive landscapes is 260 increased by 1.24, whereas that of the negative landscapes is increased only by 0.46. 261
Effects of soundscape on landscape tranquility 262
In Fig. 3 , the evaluation scores of landscape tranquility under the effects of different 263 soundscapes are compared. From Fig. 3 (a) to 3(e), it can be seen that the natural or musical 264 soundscape substantially increases the evaluation score of positive landscapes of each landscape 265 type by between 1.25 and 3.45 from the scores with artificial sounds. In particular, for farmlands, 266
waterscapes, and family houses, the evaluation scores with natural sounds are even higher than 267 those without sound stimuli, and are perceived to be close to "very tranquil" (2.65), higher than 268 "somewhat tranquil" (2.2), and close to "somewhat tranquil" (1.6), respectively. Thus more 269 tranquility is perceived for these positive landscapes with natural sounds than without. Similarly, 270
for the negative landscapes of each landscape type, the score is also substantially increased by 271 the natural or musical soundscape by between 0.95, for road landscapes in Fig. 3(d) , and 3.05, 272
for farmlands in Fig. 3 (b) and waterscapes in Fig. 3(c) . Further, the landscape tranquility 273 evaluations for negative landscapes with natural or musical sounds are observed to be higher 274 than those without sound stimuli in each landscape type, by 1.39, on average. Figure 3 (a) even 275
shows that the artificial soundscape also increases the evaluation for negative distant-view 276 landscapes by 0.20 compared to that without sound stimuli. This result is similar to that in Fig.  277 2(a), as the VAQ score of the negative landscape for distant view is also increased by the 278 artificial soundscape. Interestingly, this phenomenon is also seen in Fig. 3 (e) for the positive 279 landscape of family houses. In other words, for certain rural landscapes, a soundscape with either 280 natural or artificial sound can increase the landscape evaluation compared to that without any 281 sound stimuli.
282
In general, Fig. 3(f) shows that the evaluation scores with natural or musical sounds are 283 higher than those with artificial sounds by an average of 2.41. The difference between the scores 284 influenced by the two types of soundscapes are examined to be significant for both positive and 285 negative landscapes (p = 0.000) based on t-tests of paired samples. In comparing the evaluation 286 scores with the artificial sounds, the evaluations influenced by the natural or musical soundscape 287 are higher by 2.58 and 2.24, evaluated as close to "tranquil" and "somewhat tranquil" for 288 positive and negative landscapes, respectively. 289
Effects of soundscape on landscape preference 290
In Fig. 4 , the evaluations of landscape preference influenced by the natural or musical and 291 artificial soundscape are shown. From Fig. 4 (a)-4(e), it can be seen that for positive landscapes, 292 the natural or musical soundscape considerably increases the evaluation scores of each landscape 293 type with artificial sounds; the scores increased from 2.4 (higher than "dislike") to 4.51 (close to 294 "really like"), on average, and the scores with the natural sounds for distant view, farmland, 295 waterscapes, and family houses are also evaluated higher than those without by 0.50. However, 296 for road landscapes, as shown in Fig. 4(d) , neither the musical nor road traffic soundscape can 297 increase the score beyond that without sound stimuli. Correspondingly, for the negative 298 landscapes, the evaluation scores are also substantially increased by the natural or musical 299 soundscape; the scores were 2.07 ("dislike") with artificial sounds, and 3.36 (higher than "neither 300 like nor dislike") with natural or musical sounds, on average. Interestingly, similar to the results 301 in Fig. 2(a) and Fig. 3(a) , in Fig. 4(a) , (d), and (e), the soundscape with different artificial sounds 302 increased the evaluation scores without sound stimuli for negative landscapes by 0.64 on average. 303 Therefore, the negative landscapes are better with sound stimuli than without.
304
In summary, Fig. 4(f) shows that for each landscape type, the evaluation scores with natural or 305 musical sounds are higher than those with artificial sounds (by 1.70; the judgment changes from 306 "dislike" to "like"). Similarly, to landscape VAQ and tranquility, a significant difference (p = 307 0.000) is observed in the landscape preference evaluation between the two types of soundscapes 308 for both positive and negative landscapes. Under the effects of the natural or musical soundscape, 309 the positive landscapes increased more than the negative landscapes. The evaluation scores are 310 increased from a judgment of "dislike" (2.07-2.40) with the artificial sounds, to close to "really 311 like" (4.51) and to higher than "neither like nor dislike" (3.36), for positive and negative 312 landscapes, respectively, by the natural or musical soundscape. 313
Effects of landscape elements on landscape evaluations 314
The above results reveal that the evaluations of landscape VAQ, tranquility, and preference for 315 rural landscapes are significantly influenced by soundscapes in terms of the difference between 316 evaluations with and without sound stimuli, and evaluations with different sounds, for both 317 positive and negative landscapes. However, the evaluations may also be related with visual 318 landscape elements, as shown in the analyses in Table 5 .
355
According to the results in Table 5 which recorded the attention areas with the most visual fixations during eye movement, it can be 363 observed in Fig. 6 (a) and (b) that the attention area with visual fixations are mostly focused on 364 the disturbing elements, such as rubbish and hay bales on the no-vegetation ground, which may 365 result in low landscape VAQ scores for W5, whereas for R5, compared to the musical 366 soundscape in Fig. 6(c) , the road traffic soundscape in Fig. 6(d) is likely to cause visual fixations 367 to be gathered more on sound sources (Ren and Kang, 2015b ). This audiovisual information may, 368 in turn, accentuate the negative effect of road traffic sounds on the landscape VAQ evaluation. 369
Simultaneously, the landscape tranquility evaluation scores influenced by the effective 370 landscape elements are examined. Figure 7 shows the evaluation scores influenced by the 371 percentage of no-vegetation ground, sky, and mountains, respectively. Similar to the landscape 372 VAQ, the trends showed in regression analyses are substantially decreased in Fig. 7(b) and (c), 373 corresponding to Images R1 and R5, respectively. Considering visual attention in tranquility 374 evaluation using eye tracking test, although the results are different with different sounds, certain 375 landscape elements in the road landscapes are observed consistently, as can be seen in Fig. 8,  376 where the visual fixations are consistently focused on the people in Fig. 8 vehicles. This indicates that the low tranquility evaluations may be higher due to the disturbing 379 elements (on the no-vegetation ground) together with the road traffic sounds, rather than other 380 landscape elements, e.g., the sky, mountains, as presented in Table 5 .
381
Compared with landscape VAQ evaluation, the special landscape elements related to 382 human-involved sound sources are more effective in the landscape tranquility evaluation, and 383 they tend to attract a more concentrated area, suggested in an additional eye-tracking test using 384 the 25 images (as shown in Table 1 ), as can be seen in In terms of both positive and negative landscapes, the landscape evaluations were significantly 437 influenced by the sound source types. Generally speaking, the evaluations are higher with natural 438 or musical sounds than with artificial sounds and without sound stimuli. On the other hand, for 439 certain landscape types, the evaluations with artificial sounds are also higher than those without 440 sound stimuli. More specifically, landscape VAQ evaluations of positive landscapes were 441 affected more by soundscape, as the evaluations with natural or musical sounds are higher by 442
1.24 than those with artificial sounds. This difference is only less than one evaluation scale (0.46) 443 for negative landscapes. In terms of landscape tranquility, however, the effects of the soundscape 444 are relatively high for both positive and negative landscapes, as the natural soundscape 445 considerably increased the scores with artificial sounds by more than two evaluation scales (2.58 446 for positive landscapes, 2.25 for negative landscapes); particularly for farmland, waterscapes, 447 and family houses, the evaluation scores were even higher with natural sounds than without, and 448 were perceived as close to "very tranquil", higher than "somewhat tranquil," and close to 449 "somewhat tranquil", respectively. In terms of landscape preference, the natural or musical 450 soundscape similarly increased the evaluation scores of positive landscapes more, with a 451 judgment of "dislike" (2.07-2.40) with artificial sounds changed to close to "really like" (4.51) 452 and higher than "neither like nor dislike" (3.36) for positive and negative landscapes, 453 respectively. For the distant view, farmlands, and waterscapes, the evaluations were also higher 454 with natural sounds than without. Furthermore, higher preferences were perceived for the 455 negative landscapes of distant view, roads, and family houses with artificial sounds than without.
456
Soundscapes can also modulate the effects of landscape elements on landscape evaluations.
457
Generally speaking, no-vegetation ground, vegetation, mountains, the sky, and water were 458 significantly effective landscape elements with sound stimuli, but the evaluations could be 459 greatly reduced by particular disturbing elements together with artificial sounds, based on the 460 eye-tracking test. 461
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